Coatings of stellite SF6 are prepared on the chromium steel base by means of a direct laser cladding. A 1 .2 kW CO2 laser is applied and the original material is delivered into the processing zone coaxially with the laser beam. The samples are produced with and without a controlled preheating of the substrate and are investigated by means of metallographic techniques. It is found that the observed micro-cracking susceptibility decreases markedly with increase of the base preheating temperature up to 750 K and the crack-free coatings are produced for preheating around 950 K.
INTRODUCTION
The laser cladding of metal powders represents an efficient technique of the production of protective coatings and also for reparation ofworn-out machine parts. During the process, the powder material is delivered to the processing zone in a stream of inert, carrier gas, by means of a nozzle, suitably located relative to the laser beam [1] [2] [3] [4] [5] [6] A change of the base position with respect to the laser head and injection nozzle, which is usually obtained through a working table movement, results in deposition of the remelted material. The process parameters for a variety of materials are extensively studied during last decade 15 In particular, the cobalt based alloys revealing a relatively high wear and corrosion resistance are often considered for protective coatings and also reparation of the steam turbine blades24 However, the micro-cracking susceptibility of laser-cladded layers due to differences in the physical, chemical and mechanical properties of the base and coating materials seems to be a serious problem, which still makes impossible a wider application of the considered technique. To avoid the occurrence of cracks, the preheating of the base material prior the laser cladding process is proposed as one ofthe possible solutions
In this paper, the influence ofthe base material preheating on the cracking effect of cobalt-based stellite SF6 coatings is discussed. Claddings on the chromium steel base are prepared by means of a direct metal-powder remelting in Ar environment using a 1.2 kW cw CO2 laser equipped with a multi-stream processing head delivering the original material coaxially with the laser beam. Results indicate a decreasing number of micro-cracks with the increase of preheating temperature and a significant improvement ofthe clad quality is observed.
EXPERIMENTAL
Coatings were produced by means of 1 .2 kW cw CO2 laser stand equipped with the numerically controlled XYZ manipulator. The laser stand and properties of the powder jet were described in detail elsewhere and therefore only a brief description is given here. The processing table assured positioning and feeding of the samples. The laser head integrated with a multi-stream, water-cooled nozzle was used for the powder injection into the processing zone * rafjimp.gda.p1; phone +48 58 3411271, fax +48 58 3416144; Polish Academy of Sciences, Institute of Fluid-Flow Machinery (IF-FMIPASc), Fiszera 14, 80-952 Gdansk, Poland; ** coaxially with the laser beam. Ar gas served as the working medium for the powder transport. The powder feed-rate m was controlled in the range of 0.05-0.2 g/s. Samples were prepared at constant laser irradiation of 900 W stabilized with an accuracy of The laser beam was focused to the spot of 1 mm in diameter on the base material by means of the lens optics (ZnSe, f=127 mm) integrated into the processing head, and the substrate was placed 5 mm below the focal point. This resulted in the beam intensities on the base of about iO W/cm2, however the intensities of powder melting during its flight phase between the nozzle outlet and the base were several times higher. Two additional Ar streams were applied for shielding of the focusing optics and to prevent the production of oxides and contamination. The scheme of the direct laser cladding characterized by the powder delivering coaxial with laser beam is shown in Fig. 1 . For coating the powder material of the Co-based stellite SF6 (19% Cr, 13.5% Ni, 7.5%W, max 3% Fe, 2.3% Si, 1.6% B, max 1% Mn, 0.7% C, bal. Co) characterized by grains of spherical shape and of diameter of about 60 tm was applied. The 4 mm-thick plates of chromium steels: X2OCrMoV12-1 and X1OCr13 were used as the substrate material. Composition ofthe base materials is similar to that applied for the steam turbine blades and is given in Table 1 . The laser-melted coatings were completed by 30% overlapping coefficient of consecutive traces -see Fig. 2 . The quantity x/d was given by the width ratio ofthe cladded trace part overlapping the previous one to the single trace width and the applied value assured a smooth coating surface8 The single trace width d was equal to about 1 mm and the applied laser beam scan rate with respect to base material was varied between 8 and 1 5 mm/s. For selection of the processing parameters the powder grains absorptivity for CO2 laser radiation, and also stellite physical properties such as: specific heat, melting point, heat of fusion and thermal conductivity were taken into account.
The samples were prepared with and without preheating of the base material. Preheating temperatures in the range from 650 to 1000 K were applied prior to the laser cladding in order to diminish or eliminate the crack occurrence in the deposited coatings. The temperature of the heated base material was controlled by means of a fast infrared pyrometer Kleiber type 270B ofresponse time of 15 is. The cladding was initiated immediately after the base reached the required temperature. After processing the samples were cooled down at a controlled rate. The representative samples were prepared by cutting, polishing, and etching, for further investigations. An inspection of the surface and microstructure was performed by means of the optical and scanning electron (SEM) microscopes. Moreover, for the chemical analysis the Energy Dispersive X-ray Spectrometer -EDS (Roentec) was applied. coefficient can be insignificantly lower than the actual value, because the geometrical estimations assume a homogenous distribution of powder particles in a whole jet cross-section. In fact, the concentration of powder particles is highest along the nozzle axis. However, it has been found this situation is desirable because a larger amount ofpowder particles is melted which increases the coating thickness, and in consequence the process efficiency, too.
In order to obtain coatings of a thickness higher than 1 mm, the subsequent layers were produced trace-on-trace on the surface ofthe previous one until the required total layer height was reached. The vertical feeding system assured a fixed beam intensities for the consecutive layers. The overlapping traces of melted material in subsequent layers were applied in mutually perpendicular directions and are well distinguished on Fig. 4 . This shows the coating on non-preheated substrate where cracks are typically observed, both in the case of X1OCr1 3 , as well as of X2OCrMoV12-1 steel. Cracks are due to thermal tensions induced in the sample during the laser irradiation, which can be characterized by the high thermal gradients and cooling rates because of the short interaction time. The damage of the coating due to cracking is quite substantial. In the case of multilayer coatings (Fig. 4 ) the cracks occur so in the individual layers as well as they perform through the entire coating thickness. Similar effects and the occurrence of micro-cracks were observed by other authors and discussed in the literature as well The dark, circular areas represent the gas cavities, which can be observed most frequently in the fusion zones of consecutive traces or layers, and thus are conducive to crack arising. The perforation of the coating by cracking is visualized by a contrast liquid applied on the top surface and for the case of stellite coating on the X2OCrMoV12-l steel is shown again on Fig. 5 . The observed effect changes considerably when preheating of the base material is applied.
For the set of samples preheated up to the temperature of 650-800 K the number of cracks is significantly reduced -see the SEM photograph on Fig. 6 , if compared to the non-preheated samples. In order to check the relation between preheating temperature and occurrence of cracks the higher preheating temperatures up to about 1000 K were applied. It was found that for the preheating temperatures around 920 K and higher the cracks are eliminated completely. The exemplary, crack-free cross-section of the coating is presented on Fig. 7 . The cracks are not evidenced, both in the X1OCr13 and X2OCrMoV12-1 substrates. The number of gas cavities is considerably reduced if compared to that observed in Fig. 4 . Their relatively small quantity does not influence the mechanical strength and coating quality significantly. Inclusions of contaminations are not observed, too. In Fig. 8 details of a low-porosity, fine-grained, dendritical structure of the stellite coating produced under these preheating conditions is presented. It should be pointed out that such a microstructure is characteristic for the fast cooling rates, which are typical for the laser processes. In contrary, the plasma sprayed coatings are much more coarse-grained , what is not very desirable from the point of view of mechanical properties ofthe material. A similar structure obtained for the stellite SF6 coating on the X2OCrMoV12-l steel preheated to 995 K is shown at higher magnification on the SEM photograph in Fig. 9 . A regular, nearly vertical orientation of dendrites is typical for the entire structure, indicates the growth direction of crystals during solidification and is observed for both substrate materials used ( Fig. 8 and 9 ). The microscopic inspection of the base-coating interface region reveals a presence of a metallurgical bond between the layer and the substrate, which assures a good adherence of the coatings. For all measured samples the thickness of the fusion zone doesn't exceed several per cent of the total layer height, which is in good agreement with the literature data 1,5
The EDS analysis was performed in order to obtain information on the chemical composition of the samples in the vicinity of the base-coating interface. Measurements were done in several areas (locations) along the sample crosssection vertically to the interface. The results for the case of coating samples on the substrate preheated to 750 K are plotted as the distribution dependence of the Fe, Co, Cr and Ni elements on the distance from the interface (depth), and are presented on Fig. 10 . The chemical composition in the examined coating changes only slightly close to the interface and is constant for higher depth values. This indicates on a relatively high degree of homogeneity. Taking into account the content of iron in the coating close to the base one can state that migration of Fe from the substrate takes place, most probably due to mixing in the melt pool. However, the observable changes are present in a narrow fusion zone only. Comparison of the EDS results for non-preheated samples presented in our previous and that preheated to 650-800 K, leads to the conclusion that the transition zone thickness is insignificantly higher in the recent case. A similar analysis for the coatings prepared on substrate preheated up to 900-1000 K, i.e. for the crack-free samples is under progress. The complete set of experimental data will allow to conclude on the relationship between the fusion zone thickness and the preheating temperature. 
CONCLUDING REMARKS
The SF6 stellite coatings were prepared on the 12% Cr stainless steel substrate by means of a one-step laser cladding. The 1.2 kW cw CO2 laser stand equipped with the multi-stream nozzle characterized by a powder feeding homogenous and coaxial with the laser beam, was applied. The process parameters such as powder feed-rate and scanning speed were chosen in respect with the material properties. Samples were prepared with and without preheating ofthe substrate to the temperatures in the range of 650-1000 K. After cladding the samples were cooled down at a controlled rate. The obtained coating thickness was in the range of 0.15-0.5 mm in the case of a single layer and 1-1.4 mm for the thicker, multilayer coatings. The samples ware investigated by means of metallographic and chemical methods and sample properties such as microstructure and chemical composition were analyzed. The produced coatings were characterized by a fme-grained, dendritical microstructure of low-porosity, independently on the preheating. A dependence of the base preheating temperature on the number of micro-crack defects was observed. A markedly reduced crack occurrence was observed for samples preheated at around 750 K. For the preheating temperatures above about 920 K the cracks in the atellite coating were not evidenced. The EDS, hardness, corrosion and wear resistance tests for the crack-free coatings on the substrate preheated to the range of 900-1000 K are under progress.
